Recently, a range-gated pulsed Doppler has been combined with Mmode echocardiography to provide intracardiac flow velocity information in a known area of the heart and great vessels.9),10) Pulsed Doppler echocardiography (PDE) allows noninvasive determination of the direction of blood flow at the position of sampling volume (SV). The characteristics of blood flow within the SV are also recognized; a smooth flow makes a uniform Doppler shift and the time interval histogram is recorded as a coherent dot pattern, whereas a disturbed flow produces a non-uniform Doppler shift and is represented as a scattered dot pattern.
The purpose of this paper is to study the flow pattern of Ebstein's anomaly especially in the atrialized and functional right ventricles, in comparison with that of tricuspid regurgitation secondary to mitral stenosis.
MATERIALS AND METHODS
Pulsed Doppler echocardiography was performed in 10 patients with Ebstein's anomaly, isolated or associated with other heart diseases as shown in Table I . Tricuspid regurgitant flow in the distal ATRV was detected in 10 pateints with Ebstein's anomaly. However, in the proximal ATRV, it was recognized in 6 out of 10 patients. The interval between the onset of QRS and that of the regurgitant flow was measured and corrected for R-R interval. Abbreviations: M=male;
F=female; ASD=atrial septal defect; VSD=ven-tricular septal defect; W-P-W=Wolff-Parkinson-White preexcitation syndrome; ATRV=atrialized right ventricle; Q-R=the interval between the onset of QRS and that of regurgitant flow; N.D.= not detected. A bimodal filling flow is recorded, and after atrial contraction, a brief negative deflection is recorded. This was thought to be a physiological regurgitant flow during the isovolumetric contraction period. The arrow shows the onset of the dot dispersion following a short negative deflection, representing the onset of tricuspid incompetence.
The arrow shows the onset of the dot dispersion following a short negative deflection, representing the onset of tricuspid regurgitation.
Abbreviations In this cross-section, the septal tricuspid leaflet was displaced into the right ventricle, resulting in the formation of the ATRV and functional right ventricle (FRV). Fig. 4 shows a PDE tracing from the same patient as in Fig. 3 . The sample volume was located in the distal ATRV along beam direction B in Fig. 3 . A widely dispersed dot pattern was recorded during systole, showing a disturbed flow of tricuspid regurgitation.
The onset of dot scattering was simultaneous with the tricuspid closure. This pattern was relatively similar to that in secondary tricuspid regurgitation. Fig. 5 is a PDE recording in the distal ATRV from a 35-year-old male with Ebstein's anomaly.
A relatively smooth negative flow was recorded in early systole, whereas the dots were dispersive in mid-to end-systole. The onset of dot dispersion was slightly later than the tricuspid closure on a simultane- of this patient showed complete right bundle branch block pattern and the QRS interval is 0.18 sec. On catheterization, the right ventricular pressure pulse showed a remarkably slow rise to peak pressure. Tricuspid regurgitant flow was recognized by PDE in all the 10 patients with Ebstein's anomaly in the distal ATRV, as shown in Table I . The regurgitant flow varied in its Doppler configuration from case to case. One extreme was a widely scattered dot pattern representing the disturbed regurgitant flow as shown in Fig. 3 , and another was the coherent dot pattern during systole representing the smooth regurgitant flow as shown in Fig. 5 . In the anomaly with severe tricuspid regurgitation, the PDE showed a narrow dot pattern during systole. The onset of the negative deflection of the spectral flow in the anomaly was similar to that in the secondary tricuspid regurgitation; however, the smooth negative deflection was more prolonged in the anomaly than in the secondary tricuspid regurgitation.
The interval from the onset of QRS to that of the regurgitant flow was measured and corrected for heart rate. The corrected interval ranged from significantly prolonged over that in the secondary tricuspid regurgitation associated with mitral stenosis (p<0.001).
The patient with the anomaly showing the earliest onset of tricuspid regurgitation was associated with Wolff-Parkinson-White preexcitation syndrome, type B. B: Flow pattern in the proximal atrialized right ventricle The echo beam direction of the PDE sampling in the proximal ATRV was shown as C in the schema of Fig. 3 . Fig. 8 is a PDE tracing in the proximal ATRV obtained from the same patient as in Fig. 4 and a widely scattered dot pattern was shown during systole. It was thought to represent the tricuspid regurgitant flow as in the distal ATRV (Fig. 4) . Fig. 9 is a PDE finding in the proximal ATRV from the same patient as in Fig. 5 . The tricuspid regurgitant flow was obscure as compared with that in the distal ATRV (Fig. 5) .
In 6 out of 10 patients with Ebstein's anomaly, the tricuspid regurgitant flow was recognized in the proximal ATRV, but not in the other 4, as shown in Table I . The PDE finding of tricuspid regurgitation is less apparent in the proximal ATRV than in the distal ATRV. Fig. 9 . PDE finding in the proximal ATRV from the same patient as in Fig. 5 . In the proximal ATRV, the tricuspid regurgitant flow is obscure, as compared with that in the distal ATRV (Fig. 5) . Abbreviations: SV= sample volume; ATL=anterior tricuspid leaflet; ATRV=atrialized right ventricle. The echo beam direction of PDE was shown as A in the schema of Fig. 3 . Fig. 10 is a PDE tracing in the FRV obtained from the same patient as in Figs. 4 and 8 . In systole, the dot was narrow and remained slightly below the zero flow level. A relatively smooth flow from the ATRV to the FRV is shown in diastole.
In 7 out of 10 cases with Ebstein's anomaly, the inflow pattern was recorded and an abnormal diastolic PDE pattern was not recognized. On catheterization, a minimal diastolic pressure gradient was found in only 1 patient with the anomaly. However, the PDE in this patient showed no abnormal diastolic pattern.
D: Flow pattern in the right ventricular outflow tract To obtain the blood flow pattern in the right ventricular outflow tract, the echo beam of PDE was directed to the pulmonary valve in the conventional manner. In only 3 cases with the anomaly was the pulmonary valve recognized in the simultaneously recorded M-mode echocardiogram and the blood flow pattern recorded. No abnormal Doppler tracing was observed in these 3 patients.
DISCUSSION
Since its advent, M-mode echocardiography has served as a useful tool for the diagnosis of Ebstein's anomaly. Crew et al studied the echocardiogram of patients with Ebstein's anomaly and correlated it with simultaneous phonocardiogram, especially with heart sounds, and systolic and diastolic murmurs. Moreover, the displacement of the septal tricuspid leaflet and the presence of the atrialized right ventricle have been recognized by crosssectional echocardiography.17)-20)
Ebstein's anomaly shows great variations in hemodynamic states according to the degree of the anatomical malformation. These hemodynamic alterations have been studied by angiocardiography.4),8) Takayasu et al classified this anomaly into 3 types: tricuspid stenosis dominant, tricuspid insufficiency dominant, and moderate types.
More recently, a range-gated pulsed Doppler has been combined with M-mode echocardiography to provide intracardiac flow velocity information in known areas of the heart and great vessels.21)-28) PDE has been applied to examine the hemodynamic alteration in various cardiac diseases.
Prior to PDE study, cross-sectional echocardiographic observation was performed to confirm the beam direction and transducer position where the Doppler tracing was well recorded in the FRV, and proximal and distal ATRV.
In cases with the anomaly, the beam direction and transducer position have varied according to the degrees of cardiac enlargement and tricuspid displacement, and the cross-sectional echocardiographic observation was useful to obtain the subsequent Doppler tracing.
In the distal ATRV, the tricuspid regurgitant flow was recognized in all cases with the anomaly, and the configuration and the onset of the regurgitant flow varied. Cases of Ebstein's anomaly with severe tricuspid regurgitation showed a relatively coherent dot pattern during systole. In the patients with tricuspid insufficiency dominant type, back-and-forth flow of large amount of blood occurs between the right atrium and right ventricle due to the severe hypoplasia of the septal and posterior tricuspid leaflets, with non-turbulent flow, indicated by a smooth dot pattern in systole.
The onset of tricuspid regurgitant flow with the pressure rise delay of the right ventricle on PDE tracing is approximately simultaneous with the tricuspid closure on M-mode echocardiogram. After atrial contraction, in a few patients having the anomaly, a negative smooth flow was recognized similar to the physiological regurgitant flow in normal subjects, whereas in other cases, a negative smooth flow was prolonged.
The onset of tricuspid regurgitant flow due to the right ventricular pressure rise seemed to correspond to the onset of dot dispersion of PDE tracing in the cases with disturbed regurgitant flow, the notch of the negative deflection in those with smooth regurgitant flow and the onset of the latter part of the diphasic regurgitant flow, respectively. The interval between the onset of QRS and that of the regurgitant flow was greater in patients with Ebstein's anomaly than in those with the secondary tricuspid regurgitation. The prolonged interval in the anomaly seemed to be related to the delay in rise of pressure in the functional right ventricle and with the elevated pressure in the atrialized right ventricle in systole. Fontana et al29) reported the abnormal right ventricular pulse and prolonged rise to peak pressure and suggested that cause was not a conduction defect alone, but rather an altered pattern of ventricular contraction and abnormal leaflet placement. A delayed tricuspid closure has been reported,11)-16) explained by the right bundle branch block or a mechanical factor directly related to the malformed tricuspid valve with its large anterior leaflet.11),15) Tajik et al have reported a case of Ebstein's anomaly with Wolff-Parkinson-White preexcitation syndrome, type B, showing tricuspid closure delay and abnormal right ventricular pressure rise. However, only 1 out of 10 patients in our series was associated with W-P-W syndrome, type B, and the patient showed the earliest tricuspid closure on the M-mode echocardiogram. Two cases with Ebstein's anomaly showed diphasic tricuspid Jpn. Heart J. September 1981 regurgitant flow and remarkably slow pressure rise in the right ventricle in early to midsystole.
In 6 of 10 patients with the anomaly, a tricuspid regurgitant flow pattern was also noted in the proximal ATRV, but, it was less apparent than in the distal ATRV. Since proximal ATRV was located at some distance from the tricuspid orifice, the energy of disturbance was dissipated by rheologic factors, and the regurgitant flow became more obscure. Also, since proximal ATRV was large, the PDE beam might not have been directed to the regurgitant flow. Due to the contraction of atrialized right ventricle, the regurgitant flow might be modified. It was difficult to assess the severity of tricuspid regurgitation in this anomaly by the depth of regurgitant flow.
The inflow pattern in the functional right ventricle was recognized in 7
patients, but an abnormal dot pattern was not identified. Our cases with Ebstein's anomaly belonged to the tricuspid insufficiency dominant and moderate types. On catheterization, a minimal diastolic pressure gradient was observed in only 1 subject with this anomaly. Tricuspid stenosis of minimal degree may be difficult to differentiate from relative tricuspid stenosis accompanied by tricuspid regurgitation with PDE examination in the present state of art. We have not performed a PDE study in a case with tricuspid stenosis dominant type. However, Ebstein's anomaly with tricuspid stenosis dominant type should be diagnosable by PDE examination. The flow pattern in the right ventricular outflow tract was recorded in 3 patients with the anomaly. Only in these cases was pulmonary valve recognized in the simultaneously recorded M-mode echocardiogram. Due to cardiac enlargement and abnormal position, it was difficult to detect the pulmonary valve in the remainder. The patients with the anomaly showed reduced cardiac output and disturbed flow was not recorded on PDE tracing.
In conclusion, Ebstein's anomaly showed considerable variations in the flow pattern according to the hemodynamic states. The smooth negative deflection in early systole was prolonged in this anomaly than in the secondary tricuspid regurgitation.
